High-volume aerosol particle samples were collected onto glass-fibre filters at Mount Zeppelin Global Atmosphere Watch station, Ny-Ålesund, Svalbard, in 2001-05. The filters were assayed for lead-210 ( . The lowest 210 Pb activity concentrations are found during summer and the highest are found in winter. This variation is caused by seasonal differences in the mixing conditions of the troposphere, the level of precipitation and the speed of atmospheric chemistry induced by solar radiation. The performed source area analysis, which is based on air mass back trajectories, indicated that in summer, 210 Pb can be used as a tracer for air masses coming into contact with land areas within the past 5 days. In winter this cannot be performed because of the accumulation of 
The Arctic region is experiencing environmental changes as a result of climate change and pressures by direct human activities, including air pollutants, as presented in the environmental assessment reports by the Arctic Climate Impact Assessment (Symon et al. 2005 ) and the Arctic Monitoring and Assessment Programme (AMAP 2002) . The ice cover of the Arctic Ocean has decreased by 7% per decade during the last 30 years. This phenomenon has a huge impact on the albedo, and thus the atmospheric radiation balance in the area. In the continental Arctic regions the depth of the permafrost can extend to several hundreds of metres. During the summer season the uppermost 0.3-2.5 m of the soil melts. The depth of this active layer is increasing by almost 1 cm per year owing to the warming climate. The melting of the permafrost will cause dramatic changes to the environment. For example, lakes can dry out, bogs producing peat can turn into ponds, and methane and carbon dioxide fluxes between the soil and the atmosphere can increase. All these phenomena can change the large-scale atmospheric flow patterns affecting the transport of airborne pollutants, including radionuclides, to the Arctic. Pb) is formed in the atmosphere from the radioactive noble gas radon-222 ( 222 Rn) emanating from the Earth's crust. Of the airborne 222 Rn, 99% originates from land and only 1% originates from the sea (Baskaran et al. 1993 ). In the air, 222 Rn, being a noble gas, exists as single atoms. Its progeny, including lead-210, are, however, heavy metal atoms, and are rapidly attached to ambient aerosol particles. Most of the airborne 210 Pb activity is attached to accumulation-mode aerosol particles with an aerodynamic diameter of a few hundred nanometres (Sanak et al. 1981; Papastefanou & Bondietti 1991; Suzuki et al. 1996; Suzuki et al. 1999 ). Owing to its long half-life (22 years), 210 Pb is removed from the atmosphere by the various scavenging processes, especially wet deposition, of aerosol particles carrying it rather than its radioactive decay. The amount of 210 Pb in the air is not affected by anthropogenic activities (Hötzl & Winkler 1987 (Mattsson 1975; Samuelsson et al. 1986; Baskaran & Shaw 2001) . The practically exclusive formation mechanism of airborne 210 Pb facilitates its use as a tracer for air masses with a recent contact to land areas (Preiss et al. 1996) . The Comprehensive Test Ban Treaty Organization gathers information about the 210 Pb as well as beryllium-7 ( 7 Be) activity content of the ground-level air around the globe as a side product to nuclear test monitoring.
In this project we have measured the activity concentration of 210 Pb in the air at the Mount Zeppelin Global Atmosphere Watch (GAW) station. The GAW programme is coordinated by the World Meteorological Organization. The GAW monitoring programme includes a co-ordinated global network of some 20 observing stations, and it provides data for scientific assessments and for early warnings of changes in the chemical composition and related physical characteristics of the atmosphere. GAW monitors, among other things, greenhouse gases, ozone and ultraviolet radiation, certain reactive gases and aerosol particles. The data obtained in this study during the 5-year period 2001-05 can be used as a tracer to help identify variations in transport behaviour of air masses, and therefore also of air pollutants, in the Arctic region.
Materials and methods
The sampling site was at Mount Zeppelin GAW station, Ny-Ålesund, (78°58′N, 11°53′E), on the western coast of Spitssbergen, the largest island in the Svalbard archipelago (Paatero & Holmen 2004) . The station is located 474 m a.s.l. (Fig. 1) . High-volume aerosol particle samples were collected onto glass-fibre filters (Munktell, Falun Sweden , and was measured with a pressure difference gauge over a throat. Three samples per week were collected with filter changes on Mondays, Wednesdays and Fridays. One of the 25 filters was left unexposed, and was used as a field blank sample. All the filters, both samples and field blanks, were stored in cardboard boxes at room temperature (ca. 20°C) before measurement. The indoor 222 Rn diffusing into the filters during storage has not been found to have a discernible effect on the 210 Pb content of the filters (Paatero et al. 2005) .
The measurement of 210 Pb content of the aerosol filters is based on the alpha counting of the in-grown daughter nuclide 210 Po. The exposed filters and the field blanks were assayed for 210 Pb 6 months after sampling with an automatic alpha/beta analyser. The technical details of the instrument were described in Mattsson et al. (1996) . The detector arrangement consists of five gas-flow proportional counters. The flow gas is P-10, a mixture of argon (90%) and methane (10%). The effective window area is 625 cm 2 . The counter immediately above the filter has a thin plastic window and measures alpha particles. The alpha counting efficiency is 41.5%. The other four counters are for beta particle counting and for anticoincidence background suppression.
The results were handled as follows. First the alpha count rate of the field blank was subtracted from the sample alpha count rate. In most cases the field blank did not deviate from the instrumental background. Next, a fixed value of 0.5 cpm was subtracted from the alpha count rate to take into consideration the 210 Po already on the filter at the end of sampling. The alpha count rate was converted to 210 Po activity by dividing it with the counting efficiency. Then the 210 Pb activity at the end of sampling was calculated from the delay time between the sampling Po in the air is expected to be a rare incident related to atmospheric long-range transport from volcano eruptions or biomass burning events (Stohl et al. 2007; Paatero et al. 2009 Pb present on the filter and counting time. Usually the 1s standard deviation of the radioassay varies between 5 and 10%, but can be significantly larger if the activity on the filter is very low. , respectively (Todorovic et al. 2000) . At Marambio research station (64°14′S, 56°43′W), close to the Antarctic Peninsula, the mean annual Pb activity concentrations present a clear seasonal variation, with highest concentrations in winter ( Fig. 2; Table 1 ). This is attributed to the small , and in southern Finland 200 mBq m -3 in 1995-97 (Paatero & Hatakka 2002) . However, the concentrations are even lower in the High Arctic. In southern Germany the seasonal variation is much less profound than in Svalbard, even though the monthly mean concentrations in southern Germany are much higher: 400-700 mBq m -3 (Winkler & Rosner 2000) .
Results and discussion
To analyse the 210 Pb observations at Mount Zeppelin, a set of three-dimensional 5-day air mass back trajectories were calculated using the trajectory model FLEXTRA (Stohl & Seibert 1998) . The wind fields were obtained from the European Centre for Medium-Range Weather Forecasts. The trajectories were utilized by two different methods. Figure 3 depicts , are located over Siberia (Fig. 4) . A number of starting points are located between the Bering Strait and the North Pole, contrary to preliminary expectations. This kind of analysis does not, of course, take into account curvatures that the air masses make over the oceans or continents. It is therefore not a proof for particular types of air masses, either continental or maritime. But it gives a general picture of source areas of air masses with high or low activity concentrations of 210 Pb in the air. The uncertainty related to air mass trajectory calculations has been reviewed by Stohl (1998) .
Secondly, a statistical evaluation of the
210
Pb activity concentrations in different air masses was performed. The 120 hourly locations of each trajectory arriving at Mount Zeppelin were combined with the 210 Pb activity concentrations observed during the moment of arrival. Next, the concentration-location pairs of all the chosen trajectories were averaged over cells of 1°latitude and 1°longitude. The cell in which Mount Zeppelin is situated thereby obtains a value close to the average concentration. The activity concentrations obtained in the cells should not be interpreted as absolute concentration values, but rather as concentrations relative to the average concentration. The statistical accuracy decreases with increasing distance from the sampling site, as the averaged area contains fewer and fewer concentration-location pairs. A similar method, but with certain statistical enhancements, has been used previously at the Finnish Meteorological Institute to identify the sources of airborne substances, e.g., atmospheric fine particles and sulphur dioxide, 210 Pb and 7 Be in Finnish Lapland (Virkkula et al. 1995; Virkkula et al. 1997; Paatero & Hatakka 2000) . Two subsets of trajectories and
Pb observations were used in the subsequent analyses: summer months (June-September) and winter months (October-April). These periods were chosen on the basis of the seasonal variation of 210 Pb activity concentration in Fig. 2 .
The trajectory analysis of summertime source areas of airborne 210 Pb in Svalbard is presented in Fig. 5 . The highest 210 Pb activity concentrations are found in air masses coming from northern Europe and the northwestern coastal region of Russia. Somewhat elevated concentrations are associated with air masses coming from Arctic Canada, too. The lowest concentrations are found in air masses coming from Greenland, the North Airborne lead-210 at Ny-Ålesund, High Arctic J. Paatero et al. Pb. An interesting detail is the area of lower 210 Pb activity concentrations between Norway and Iceland, and the region immediately north-west of Norway. This phenomenon can be attributed to the Gulf Stream going northwards along the coast of Norway. This warm sea current seems to cause enough convection in the air aloft that airborne 210 Pb is diluted to a bigger air volume.
Conclusions
In this report we have presented a 5-year observation series of airborne 210 Pb at Mount Zeppelin GAW station. To the best of our knowledge this is the longest data set on airborne 210 Pb in the High Arctic. In winter the 210 Pb activity concentrations found in Svalbard are comparable with those found in Finland. In summer, however, the concentrations are much lower than in continental areas. The performed source area analysis, which is based on air mass back trajectories, indicated that in summer 210 Pb can be used as a tracer for air masses having been in contact with land areas within the past 5 days. In winter this cannot be used because of the accumulation of Pb has been used in verifications of atmospheric general circulation models (Feichter et al. 1991) . The data produced in this study might find use in verification activities, as there are few data sets on airborne Airborne lead-210 at Ny-Ålesund, High Arctic J. Paatero et al. 
